Octenidine (0.5 pg/ml) was added after 1 h (+), 2 h (0) and 4 h ( A ) . A control culture ( x ) had no octenidine addition. Samples were assayed at intervals for petite mutants. Growth conditions and petite assay were as described by Meyer & Whittaker 161.
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b relative to cytochrome c. The latter effect would bc expected if octenidine acted either as an inhibitor of mitochondrial protein synthesis or as a petite mutagen. In contrast, pirtenidine showed no evidence of an effect on cytochrome synthesis. The possibility that octenidine might act to induce the formation of petite mutants in S. cerevisiue was investigated. Peiite mutants have suffered loss or gross deletion of their mitochondrial DNA [5] and are consequently incapable of mitochondrial protein synthesis. Fig. 1( a ) shows that octenidine does increase the level of petite mutants in a culture in a dose-dependent fashion. The level of petite mutants observed, however, was insufficient to account for the diminution of respiration induced by this drug. The potent petire mutagen ethidium bromide gives 100"/0 petite mutants after 24 h incubation at 10 pg/ml. Rather surprisingly octenidine diminishes the petite mutagenic effect of ethidium bromide in a dose-dependent manner (Fig. 1 u) , so much so that, at an octenidine concentration of 0.5 pg/ml the mutant level achieved is hardly affected by the presence or absence of ethidium bromide. Fig. 1( h ) shows that octenidine, added at various times during the course of ethidium bromide mutagenesis, appeared to cause immediate inhibition of mutagenesis. In contrast to these observations, pirtenidine neither induced petite mutation nor antagonized ethidium bromide induction of petite mutants.
It seems likely from these observations that pirtenidine has a direct effect on the mitochondria1 electron transport system. It is probable that octenidine also shows this effect. In addition, possibly because of its bifunctional nature, octenidine interferes with mitochondria1 assembly causing petire mutation and diminished cytochrome synthesis. It is possible that the inhibitory effect of octenidine on ethidium bromide mutagenesis might relate to the requirement for ATP for efficient mutagenesis by ethidium bromide I 71.
Introduction
Ultrastructural studies to date suggest that most, if not all, cell death in higher animals may be categorized into two distinct morphological patterns [ 11. The most widely recognized is characterized by marked swelling of mitochondria followed by dissolution of internal and plasma membranes,
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typically termed necrosis [2] . The second pattern is characterized by condensation of the cell with maintenance of organelle integrity and the formation of surface protuberances that separate as membrane-bounded vesicles. This process was originally called shrinkage necrosis but was subsequently renamed apoptosis [3] . Previous reports have identified a variety of agents which induce cell death either via apoptosis or necrosis. For example, glucocorticoid treatment of thymocytes 141, the effect of thyroxine in tadpole tail during metamorphosis [ 51 and the withdrawal of adrenocorticotrophic hormone from the adrenal gland 131 all induce cell death by 
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Materials and methods
The following human cell lines were used in this study: HL-60, a human promyelocytic leukaemia line [ 7 ] ; Molt-4, a T-lymphoblastoid line [8]; Daudi, a B-lymphoblastoid line [9]; U937, a monoblastoid line [lo] .
All cells were maintained in RPMI 1640 supplemented with 5"/0 (v/v) foetal calf serum in a humidified 5% CO, atmosphere. The effects of the following agents on four different human cell lines were investigated with a view to elucidating the mechanism of cell death: the oxidizing agent, hydrogen peroxide (BDH Chemical Co.), the alkylating agent chlorambucil, the folk acid antagonist amethopterin, ethanol (Izan Chemicals, Ireland) and heat treatment. All chemicals were obtained from Sigma Chemical Co., except where otherwise stated. For all experiments, cells were used in exponential phase of growth.
Morphological characterization was carried out using the Rapi-Diff I1 stain, and cell viability was assessed with the Trypan Blue exclusion test. Isolation and electrophoresis of DNA from cells was carried out as previously described [ 1 11.
Results and discussion
All the above agents were found to induce cell death in the four cell lines used, the mode of cell death depending on the concentration of the agent used. In the case of HL-60 cells, treatment with chlorambucil at 3 mM induced 65 k 3"/0 apoptosis after 24 h, whereas 20 mM treatment led to >95% necrosis. Amethopterin induced 50 k 5% apoptosis in cell cultures at 0.3 mM over 44 h, and > 95% necrosis at 10 mM.
Heat treatment at 43°C induced 67 f 7% apoptosis in 8 h, with > 90% necrosis occurring at 50°C. Ethanol at 6% (v/v) induced 65 f 6% apoptosis, with > 90% necrosis occurring at 18% (v/v). H,O, (see below) also induced apoptosis at low concentrations and necrosis at high concentrations. As can be seen from the above data, the time taken for maximum induction of apoptosis varies between the different agents, indicating the ability of the cells to cope with the different stimuli.
Similar effects were seen for the other cell lines used, namely Daudi, Molt-4 and U937, indicating that the effect was not confined or influenced by the nature of the cell line used. However, on a quantitative level different cell lines responded differently to similar treatments of the same agent. For example, chlorambucil treatment ( 3 mM) for 12 h induced 3 5 i 5 % apoptosis in HL-60 cells, 2 3 f 5 % in Molt-4 cells, 6 f 2% in Daudi cells and 8 k 3% in U937 cells. A typical example of the progression of apoptosis in cultures treated with both low and high concentrations of an agent is shown in Fig. l(a) . In this case the low and high concentrations are provided by 15 p~ and 600 ~M -H~O , , respectively. A biochemical characteristic of apoptosis is the fragmentation of DNA into 200 base-pair multiples. To verify that the agents used did indeed induce apoptosis, the DNA was analysed by electrophoresis in 1% (w/v) agarose gels. Fig. 1( b ) shows the classical DNA 'ladder' pattern of apoptosis for HL-60 cells exposed to 15 p~-H , o , .
Similar patterns were seen for other agents and cells used. However, when the level of H , 0 2 was elevated to 600 ,UM no such fragmentation was observed.
In conclusion therefore, using a limited range of agents, we have demonstrated that the mode of cell death induced in four different cell lines by these agents depends on the concentration of the agent used. Apoptosis occurring at low concentrations, and necrosis at high concentrations. This was shown by both morphological examination and DNA analysis. The establishment of several continuously proliferating cell lines has greatly facilitated research into cellular differentiation and has increased our understanding of leukocyte proliferative disorders, in particular leukaemia. One such cell line is HL-60 [l] . This human promyelocytic cell line has been used not only in studies of myeloid differentiation, but also as an immunogen for the production of monoclonal antibodies, which have had many applications in leukaemia research and have done much to increase our knowledge of the leukaemic condition.
In a previous publication, we described the production and classification of a monoclonal antibody, NC-2, to an unusual surface protein expressed on the HL-60 cell line, but present on no other cell line examined [2] . This antibody was subsequently shown to react wtih leukocytes from 5% of normal individuals, with a much higher percentage (35%) of leukaemia patients reacting. On the basis of these data there appeared to be a link between the expression of this particular antigen and the incidence of leukaemia (31. Links between the expression of specific cell surface antigens and a variety of diseases have already been established. In the present study, we have focused on the biochemical characterization and cellular distribution of the alloantigen reacting with NC-2 and have shown it to be a proteinase-sensitive glycoprotein which is present, not only in the plasma membrane, but also in the cytoplasm of reacting cells.
SDS/PAGE analysis of 1251-labelled HL-60 cell surface proteins, which had been immunoprecipitated with NC-2, showed two major bands, at 50 kDa and 15 kDa in a 12.5% (w/v) gel ( Fig. la; lane A) . In addition, there was some material of much higher molecular mass which failed t o enter this gel or gels made with a lower percentage (7%, w/v) polyacrylamide. The 15 kDa protein is unlikely to be a catabolic fragment of the SO kDa protein, since a large range of pro- Vol. 18
